In order to estimate demand elasticities of source differentiated beef in South Korea, this study used the quantity of an endogenous demand system derived through maximizing the economic welfare of market participants including local beef consumers and local and foreign beef suppliers. The demand system is then weighted with respect to quality adjustment parameters to identify the effects of quality differences in source differentiated beef on market demand. As implied by the high relative price of locally produced ''Hanwoo'' beef, substitutability between local and imported beef is shown to be very weak and the own price elasticity of South Korean beef is shown to be inelastic. Related to quality differences between source differentiated beef, South Korean beef consumers show a preference for Australian beef relative to U.S. and Canadian beef, perhaps due to BSE concerns.
lower priced imported beef. In fact, the 2005 price of imported beef was $4.68 per kg in the South Korean beef market while the retail price of locally produced beef was $36.11 per kg (exchange rate is 1,034 Korean Won/$1, 2005), this is a 770% price difference in 2005 as compared with only 190% in 2001.
The purpose of this study is to determine effects of price and quality differences in source differentiated beef on market demand in South Korea. In addressing these issues, this study uses a demand system to identify quality effects of source differentiated beef products. In order to achieve this goal, this study proceeds as follows. In the next section, a quantity endogenous demand system is discussed. Following this discussion, an empirical estimation of the demand system model is conducted, accompanied by a discussion of other issues related to beef policy and market access in South Korea. The role of the quality adjustment parameter in the demand system is discussed in the fourth section, in which the effects of quality differences on market demand are discussed, along with simulation results. Finally, conclusions will be provided in the last section.
Demand System
We assume that there are five major sources of beef in the South Korean beef market: South Korea (SK), the United States (US), Australia (AU), Canada (CA), and New Zealand (NZ).
2 These five linear price equations are as follows:
(1) p i 5 a i À b i q i , i 5 1,2,3,4,5, where we assume that a i and b i are unconditional coefficients that can be converted to demand equations as follows:
(2) q i 5 A i À B i p i , i 5 1,2,3,4,5, where A i 5 a i / b i and B i 5 1/ b i . Later, the study will test this unconditional assumption with empirical data. Given the inverse price equation, the gain of the South Korean beef consumers equates to the following:
Similarly, the sum of the gain of each supplier equates to the following:
where c i is the average unit cost of beef i including production cost, transportation cost, and tariffs. Here, it should be noted that PS includes gains to producers, traders, and marketers. Some of the PS will be captured by local firms and some by foreign firms. Since market equilibrium of price and quantity is a result of a market mechanism rather than that of government intervention under a free trade policy, the economic gain of market participants is the summation of the welfare gain of both consumer and supplier and is expressed as: EWF represents total welfare related to the South Korean beef market. While all of the consumer surplus remains in South Korea, some of the producer surplus will be captured by foreign producers and foreign trading firms and another portion will be captured by South Korean trading firms and retailers. Aggregate welfare functions are often used as a means of evaluating various government or trade policies (Diewert; Hausman; and Jorgenson, Lawrence, and Thomas; Sarris and Freebairn) . This paper will use the EWF to derive elasticities and evaluate the effect of product quality changes on consumer choice. The economic welfare function defined in Equation (5) can be rewritten to derive a quantity endogenous demand system as follows:
2 This study used these five countries because imports from other countries are very small and intermittent.
where Q 5 P i q i is the summed quantity of beef supplied to the South Korean market. The demand system can be derived from the maximizing condition of the EWF. In order to define the maximizing condition of the EWF, we differentiate Equation (6) with respect to the five individual beef prices.
From Equation (7), we obtain a quantity endogenous demand system that maximizes the economic welfare of participants in the South Korean beef market as follows:
where a 2i represents the marginal effect of market size on the beef that comes from country i and a 3j represents the own price effect ( j 5 i) and cross price effect ( j 6 ¼ i) on beef i. While Equation (8) appears similar to the traditional demand equation, we have derived this through alternative means. One advantage of this is to reflect total welfare arising from the South Korean beef market. Appendix 1 illustrates the relationship between the parameters of Equation (2) and Equation (8). 4 The unit value import prices were obtained from the Korean Customs Service (KCS). Price data were then converted from the South Korean currency, the Won, into U.S. dollars using monthly average exchange rates from the Federal Reserve Bank of New York. South Korean beef consumption data were reported at the wholesale level and were obtained from Nonghyup, the National Agricultural Cooperative Federation in South Korea. Data on import quantity were collected from KCS. The summary of sample statistics price and quantity for sourcedifferentiated beef is presented in Table 1 .
Empirical Estimation
A) System Misspecification Tests. This study used the seemingly unrelated regression (SUR) model to estimate the unknown parameters of Equation (8). The theoretical restrictions of homogeneity and symmetry were imposed on the SUR model. In order to confirm the statistical validity of the model, this study tested whether econometric assumptions were appropriate for the data being analyzed. If the observed data provide statistical adequacy, the underlying relationships defined in the economic model can be appropriately identified. The initial test results suggested a need for model respecification. In particular, the assumption of normality was violated in all but two equations. This could violate critical assumptions required for hypothesis testing, consequently leading to inappropriate inference. To prevent key econometric assumptions from being violated and, yet, maintain the key aspects of our model, we estimated the model again after: (1) eliminating outliers, (2) arbitrarily resorting the data, and (3) applying weighted regression methods.
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Following these recommendations, the study conducted each of the individual and joint tests, significantly reducing the potential for parameter and testing bias. Table 2 shows the individual test results both before and after model respecification.
This study adopted the assumption of unconditional demands in Equations (1) and (2), which allows for the estimation of price elasticity coefficients,Â i andB i , and price flexibility coefficients,â i andb i , of the five sourcedifferentiated categories of beef. If the expected variances of Equations (1) and (2) are zero, then the unconditional assumption of the coefficients will be satisfied. However, the null hypothesis tests were rejected at the 10% level of significance.
B) Estimation. Having tested for and accounted for problems in the data that could have led to poorly estimated parameters, the next step was the estimation of unknown parameters of the five source-differentiated beef products. This study estimated parameters of five source-differentiated beef products using the model as presented in Equation (8).
Since the model is composed of quantity share equations 7 for the five source-differentiated categories, inclusion of all equations in one system would result in singularity problems. Thus, one equation was dropped. The coefficients of the dropped equation were then calculated using the adding-up restriction. While seasonal dummy variables were included in the pretest estimation, degree of freedom problems precluded us from including them in the final version of the model.
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The model identifies the marginal effects of prices and market size on market demand of each source-differentiated beef category at the point of economic welfare maximum. Among 20 estimated parameters, 17 are significant at least at the 10% level of significance. Negativity of own price elasticity was satisfied. For easy interpretation, this study converted marginal values into elasticities, which were calculated at the data means and are presented in Table 3 .
As expected, all own price elasticities are negative. In order to explain the extremely high relative price of South Korean beef, this study hypothesized that demand for own South Korean beef would be the most inelastic. However, the own price elasticity of Australian beef is shown to be the most inelastic. This may be because the fear of BSE in Canada and the United States accelerated Australian beef imports despite an increase in the Australian beef price. In fact, an increase in the imported price of Australian beef from $2.61/kg in 2001 to $5.52/kg in 2005 was accompanied by an increase in imports of Australian beef. Related to cross price elasticities for South Korean beef, four source-differentiated beef products are shown to be substitutes even though the magnitudes of cross effects are estimated to be very small. In comparing the relative magnitudes, the cross-price elasticity of U.S. beef was shown to be the largest of the five cross-price elasticities in the South Korean beef equation. According to Song, Shin, , the price difference between local and imported beef after the liberalization of the South Korean beef market in 2001 became more pronounced because there was little substitutability between local and imported beef. P n i 5 1 q i is the sum of n quantities. As a result, the sum of normalized quantities will be 1, P n i 5 1 q Ã i 5 1, similar to the sum of budget shares used in the traditional demand systems.
8 Dummy variables reflecting seasonality in beef demand were included in the pretest estimation. Although some variables were significant, they were not included in the final version of the model because of their small sample size and the subsequent degrees of freedom problem.
That is, there is a strong niche market for the local Hanwoo beef. In our study, the cross price elasticities of U.S., Australian, Canadian, and New Zealand beef for South Korean beef are estimated to be very small and the own price elasticity of South Korean beef is very inelastic, which is consistent with the findings of Song, Shin, and Kim and is consistent with the existence of a relatively high price of local beef.
Related to growing market size, our results show that, for a 1% increase in the South Korean beef market size, South Korean beef consumption increases by 0.468%, U.S. beef by 1.319%, Australian beef by 0.568%, Canadian beef by 1.688%, and New Zealand beef by 1.276%. These results indicate that, given an increase in the size of the South Korean beef market, the market share of South Korean and Australian beef decreases, while market share of U.S., Canadian, and New Zealand beef increases. In fact, prior to December 2003 when the South Korean government prohibited beef imports from the United States because of reported BSE outbreaks, the U.S. beef market share had increased from 10% in January 1995 to 38% in November 2003. At the same time, the South Korean and Australian beef market share decreased from 75% for South Korea and 11% for Australia to 48% and 9%, respectively. In particular, these results imply that, given an increase in the income of South Korean beef consumers, Australian grass-fed beef is not preferred to U.S. grain-fed beef.
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The Role of Quality Adjustment Parameters
In order to examine the role of quality adjustment parameters in the free trade demand system, the inverse demand price as defined in Equation (1) is weighted by a quality adjustment parameter as follows:
where g i represents a quality adjustment parameter for each differentiated source of beef i and p i represents actual market price weighted by the parameter. In brief, to visually review the quality adjusted inverse price relationship, consider the three different cases exhibited in Figure 1 which depicts quantity and price relationships under various assumptions about product quality. If the parameter is one, then the actual market price, p i , is equal to the true price, p i . If the parameter is less (greater) than one, implying that the quality is underestimated (overestimated), then market demand will decrease (increase) from q i to q u i (q o i ) at a constant actual market price, p i .
Effects of Quality Differences on Market Demand
Before developing this section, let us review two cases of the relationship between quality and market demand. Figure 2 shows that an increase in own quality, g i , increases market demand of the own good from q 0 i to q 1 i under given p i , p j , q j , and g j . Figure 3 shows the impact of cross quality; an increase in cross quality, g j , decreases market demand of q i from q 1 i to q 0 i given p i and p j . Now, to measure quantitatively these own and cross quality impacts on market demand, Figure 1 . Relationship Between Quality Difference and Market Demand 9 Henneberry and Huang showed that the South Korean market is differentiated in terms of buyers' attitudes toward meat imported from various sources. The grain-fed beef imported from the United States has generally been viewed as having a higher quality than the grass-fed beef imported from Australia. Equation (9) can be differentiated with respect to g i and g j . Then, own and cross quality adjusted differential equations can be obtained as follows:
where
To be consistent with the characterization of consumer preferences portrayed above, the own (cross) quality adjusted first derivative should be greater (less) than zero. However, in reality the signs of the derivative represented in both Equations (10) and (11) may be ambiguous. That is, if one of the quality adjustment parameters is extremely low, then the own (cross) quality effect could be negative (positive). Even though both Equations (10) and (11) cannot globally show the clear impact of quality on market demand, both equations can be used to locally determine the empirical impact of quality on market demand by normalizing quality adjustment parameters and by using coefficients estimated by econometric methods,â i andb i . Since we know actual market price and quantity of market consumption for each source-differentiated beef, we can determine the empirical signs of own and cross quality adjustment parameters in those equations. Equations (10) and (11) can also be used to simulate the impacts of quality on market demand across a variety of market sizes and market prices with Equation (9).
Simulation Results
In order to simulate the South Korean beef model, this study estimated coefficients,â i andb i , using the same data set used in the previous section. Table 4 presents the statistical information ofâ i andb i all of which were statistically significant at the 1% level. The statistics showed that the signs of beef prices of South Korea, U.S., Canada, and New (10) and (11) to confirm the empirical change of sign in the own and cross quality adjusted first derivative equations. Table 5 presents the results of the simulation of a change in quality on consumer demand for various beef products. Case 1 showed the In order to estimate parameters, this study used system equation model because error terms are simultaneously correlated at time t. * represents statistical significance at 1% level. quality effect on market demand given market size with prices held constant. The empirical sign of the own quality effect was shown to be positive in South Korean, U.S., and New Zealand beef, while the sign was shown to be negative with respect to Australian and Canadian beef, implying through Equation (10) that the existing quality evaluation for South Korean, U.S., and New Zealand beef were relatively underestimated compared with those for Australian and Canadian beef. The empirical sign of Equation (11), representing a cross quality effect, provides key information for understanding the impact that existing quality perceptions have on South Korean beef consumers. Note that two beef products can be quality substitutes; that is, a rise in the quality of one beef product leads to a decreased in demand for the other beef product. Or they can be quality complements; that is, a rise in the quality of one beef product leads to an increase in demand for the other beef product. For example, Australian beef was a quality substitute for South Korean beef demand, while U.S., Canadian, and New Zealand beef were quality complements for South Korean beef demand, implying by Equation (11) that the existing quality evaluation for Australian beef may be overestimated relative to those of the other foreign sourced beef, while the existing quality evaluation for U.S., Canadian, and New Zealand beef may be underestimated compared with that of Australian beef. For U.S. beef demand, Australian beef was a quality complement, but South Korean, Canadian, and New Zealand beef were quality substitutes.
Case 2 in Table 5 illustrates the impact of a similar evaluation of quality changes but also allows market size to change. When cases 1 and 2 are compared, an increase in market size did not affect own quality effects. However, notably cross quality effects were affected. That is, Canadian beef changed from a quality substitute for both U.S. and New Zealand beef in case 1, to a quality complement in case 2.
Case 3 in Table 5 shows the impact of simulating the effect changes on product quality on market demand where both market size and prices of imported beef are allowed to change. When comparing cases 1 and 3, an increase in market size and prices of imported beef influenced not only the own quality effect in Australian beef but also cross quality effects in South Korean, Australian, Canadian, and New Zealand beef demand. A simultaneous increase in market size and prices of imported beef transformed the own quality effect of Australian beef from negative to positive, implying, by Equation (10), that the relatively large quality impact for Australian beef may be adjusted to the level of those for other beef. Canadian and U.S. beef were changed from quality complement for South Korean beef demand and Canadian beef demand in case 1 to quality substitute in case 3, while Canadian beef was changed from quality complement for Australian beef demand and New Zealand beef demand in case 1 to quality substitute in case 3.
Case 4 in Table 5 shows the impact of simulating the effect changes on product quality on market demand where both market size and prices of both imported and locally produced beef are allowed to change. Except for the cross quality effect of Canadian beef on Australian beef demand, the results were the same as the results in case 3. The impact of a decrease in the price of South Korean beef had little effect in changing the empirical sign of market demand of either local or imported beef.
The above series of simulations serve several important uses. First, they show that there can be quality complementarity. That is, improvement in the quality of one beef product can actually increase the demand for another beef product. Without such analysis it may have been difficult to come up with an example of this phenomenon. Second, as a warning to economists and analysts who evaluate other markets, this simulation underscores that the impact of changes in product quality depends on other features of the market, such as market size and the overall level of prices. Not only did the magnitude of consumer response to quality changes vary with market size and the level of prices but even, in one instance, the direction of consumer response depended on these other market features.
Conclusion
Recognizing the importance of price and quality in the South Korean beef market, this study attempted to estimate price elasticities and to identify quality effects on market demand. The goal of the research was achieved through two different steps. In the first step, this study identified the conditions of the economic welfare function in which market participants maximized their economic benefit from trade. In the second step, this study analyzed quality effects on market demand of each source differentiated beef category using a quality adjusted demand system.
In undertaking these efforts, this study encountered some statistical obstacles in performing empirical estimation under the model. To solve the problems associated with biased and inconsistent estimators in the presence of misspecification errors while maintaining economic consistency of the model, this study respecified the model through (1) the elimination of extreme outliers, (2) arbitrarily resorting the data, and (3) using a weighted regression. Only when these steps were followed was it possible to produce a statistically valid model.
The empirical results showed that South Korean beef consumers are shown to be negative but not sensitive to changes in the own price of each source-differentiated beef product except for New Zealand beef. For South Korean beef, all four foreign sourced beef products were shown to be substitutes. In particular, U.S. beef exhibited the greatest degree of substitutability with South Korean beef. This study also found that, with increasing market size, Canadian beef and U.S. beef were shown to easily extend their South Korean market shares relative to other origin differentiated beef sources.
Related to quality effects, the results show that U.S. beef can extend its market share by increasing quality. In particular, this result explains why market demand for U.S. beef had decreased since December 2003 when a BSE outbreak in the U.S. was feared. Another finding was that an increase in the prices of foreign sourced beef and a decrease in the price of South Korean beef do not necessarily decrease market demand for the foreign sourced beef products. [Received December 2007; Accepted August 2008.] Appendix 1. The parameter relationships between Equations (2) and (8) where d9 5 1 when j 6 ¼ i and 0 otherwise and d 5 1 when j 5 i and 0 otherwise. To be consistent with the maximization hypothesis of the EWF, the second-order conditions of the EWF require that the Hessian matrix be negative semidefinite at the optimal point. This condition is expressed as In order to satisfy the negative semidefinite of the Hessian matrix, the diagonals of Hessian matrix must be negative. With quality adjustment parameters defined for each source-differentiated beef product, the parameters, a, in Equation (8) where all g 5 1 indicates that all source differentiated beef are homogeneous in terms of quality. Then Equations (A4), (A5), and (A6) will be reduced to Equations (A1), (A2), and (A3), respectively.
